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Description 

Digital video based array detector for 
parallel process control and radiation 
driver for micro-scale devices 

Cross Reference to Related Applications 

[0001] This application is a regular application of provisional 

Patent Application No. 60/416,761, filed Oct. 6, 2002 

which is hereby incorporated by reference in its entirety 

for all purposes 
Background of Invention 

[0002] Development of diverse set of applications that employs 
micro and nano scale properties of matter created equally 
wide range of equipment that is able to operate at such 
small scales. One of primary advantages of such tech- 
nologies is ability to efficiently and cheaply employ paral- 
lel processing for large number of entities. These parallel 
technologies have been developed for processing of thou- 
sands and even millions of chemicals on a single mi- 



crofluidic/microarray device. Microoptical devices ac- 
counts several millions of parallel processing channels 
suitable for diverse tasks such as maskless lithography, 
printing, network switching , etc. Micromechanical and 
micro-electro mechanicals systems are capable of simul- 
taneous execution of thousands and sometimes millions 
of simultaneous mechanical operations required for mi- 
crofluidics, microoptics and micromachining. 
[0003] One of essential benefits of such parallel systems is their 
ability to slice operation cost, while providing new level of 
technological performance. Yet new demands for high- 
volume serial processing of highly parallel micro systems 
have raised. Bright examples of these demanding tech- 
nologies are high-throughput screening, high-throughput 
synthesis, soft lithography, maskless lithography, and dip 
pen lithography. Regardless of cost of microdevices em- 
ployed in said technologies, demands for high-volume 
serial processing including conveyer approaches result in 
significant total operating cost. That is why approaches 
for reduction of individual (per device) cost become im- 
portant factor defining comparative commercial benefits 
of one versus another microdevices capable of performing 
similar tasks. 



[0004] One of directions in reducing individual cost is simplifica- 
tion of construction and available functions of said mi- 
crodevices and relocation of their implementation into 
hosting macro device that supports operations of said mi- 
crodevices. Since hosting device has long service live its 
operational cost contribute only tiny fraction to techno- 
logical process it involved into. That is why it is economi- 
cally beneficial to increase cost of said hosting device by 
transferring as many technological steps into its construc- 
tion instead of implementing the same in corresponding 
microdevices. The role of said microdevices then become 
a simple interface or an adapter for parallel processing. 

[0005] Instead of self sufficient microdevice that performs re- 
quired tasks with minimal external aid, in cases of high- 
volume technological processes (conveyer), simple mi- 
crodevice requiring sophisticated interface and hosting 
equipment provides better commercial performance. 

[0006] The present invention closely relates to said hosting 

equipment and implements optical interface with various 
microarray, microfluidic, micromechanical, and micro- 
electromechanical devices. In one aspect it is important 
top provide efficient means for analysis as well as quality 
control for microarray applications. One of examples in- 



eludes arrays with hundreds of thousands of micro- 
droplets deposited and dried on said microarray. Aspects 
of quality control include consistence of amounts and lo- 
cations of deposited substances. Existing technologies 
that address these demands use microoptical spectro- 
scopic techniques to validate deposition steps. Although 
there are many advantages of said approach it is not sen- 
sitive to geometrical factors of deposition. Said microarray 
may contain contaminants that are not detectable via 
spectroscopic testing. Such contaminants may include in- 
organic particles, or low-molecular weight monolayer that 
left undetected result in unexpected loss of functionality 
of said microarray. 

[0007] The present invention provides method of efficient analy- 
sis for described validation and discloses device capable 
of implementing said method. 

[0008] In one aspect the present invention describes device and 
method for real-time control of micromechanical or mi- 
cro-electromechanical devices. In one particular applica- 
tion scenario micromechanical devices are employed for 
performing maskless lithography operations on plurality 
of substrates. The term of use is constrained by mechani- 
cal wear of contact elements of said microdevices. Exam- 



pies of such application comprise microcontact printing 
technology, multi-cantilever scanning probe microscopy 
(in applications to metrological control). Mechanical wear 
usually caused by interactions between nano-scale sized 
features of said devices with substrate surface. Such wear 
causes degradation of process quality. Some of said de- 
vices require feedback control to satisfy process require- 
ments. Implementation of sensory elements as an integral 
part of these microdevices significantly increase their 
cost. Contrary to that use of similar devices that contain 
no feedback control elements as a replaceable part of 
holding device, wherein said holding device provides all 
required feedback and sensory features can provide more 

efficient and cheaper solution for the same process. 
Summary of Invention 

[0009] The present invention discloses original method for quali- 
tative and quantitative characterization of nano-scale de- 
posits arrays. Said method uses changes in mode of laser 
beam caused by peculiarities of reflecting surface in focal 
point. Method allows detection of nanometer scale de- 
posits without use of shortwave radiation. It employs sin- 
gle mode laser radiation in infrared, visible or UV range. 
Device that implements said method also disclosed. It 



comprises CCD sensor element that captures array of re- 
flected beams and decodes alterations in their position 
and intensity distribution. 
[0010] One embodiment of the invention describes the apparatus 
that employs two or three axis positional stage that en- 
gaged in scanning of said microarray. Disclosed device 
and associated method provides improved accuracy and 
allows compensation for systematic errors in array geom- 
etry. 

[0011] Apparatus allowing remote real-time control of operation 
for micromechanical and micro-electromechanical devices 
comprises CCD sensor element that register laser radia- 
tion reflected from plurality of said micromechanical ele- 
ments. Digital processing device extracts distortion data 
from provided digital video stream, wherein said distor- 
tions comprise time and amplitude. These parameters 
correspond to geometrical distortions and intensity. De- 
coded information then employed for feedback control of 
said microdevice and provides in-process quality control. 

[0012] In one embodiment said apparatus uses high power laser 
source to supply direct energy to said microdevice. the 
Apparatus comprises DLP (digital light processing ) ele- 
ment that controls timing and amount of supplied energy. 



This energy is then employed as means for thermal con- 
trol of said microdevice, or used as a driving force that 
converted to mechanical motion/displacement, or acous- 
tic wave that drives mechanical oscillations. 
Brief Description of Drawings 

[0013] Fig. 1 show in process monitoring use of digital video de- 
tector. 

[0014] Fig. 2 shows optical system with selective filtering. 

[0015] Fig. 3 shows serial detector operating on digital video 
stream. 

[0016] Fig. 4 shows frame based extraction of detector data. 

[0017] Fig. 5A shows parallel metrology detector. 

[0018] Fig. 5B shows parallel metrology detector employing array 

of micro lenses. 
[0019] Fig. 6 shows modulation of laser beam mode. 

[0020] Fig. 7 shows schematic block diagram of scanning parallel 
detection method. 

[0021] Fig. 8 shows method of monitoring geometrical distor- 
tions of silicon wafer. 

[0022] Fig. 9 shows diagram of radiation driver for microme- 
chanical devices. 



[0023] Fig. 10 shows diagram illustrating use of radiation driver 
to produce controlled deformations on large array of mi- 
crocantilevers. 

[0024] Fig. 11 shows principle of creation controlled resonance 

oscillations of cantilever. 

[0025] Fig. 12 shows principle of operation of massively parallel 

driver with multi-channel parallel detector. 
Detailed Description 

[0026] This description operates with some common terms that 
have special meaning in this document. Digital video - 
corresponds to device capable of capturing sequence of 
optical images in some range of radiation spectrum. This 
device provides monochrome or color data. This data may 
be originally digital or can be transformed into digital for- 
mat from analog data. Beam splitter- optical device that 
converts single light source into multiple beams with 

static geometry. 
Digital video detector for massively parallel process control 

[0027] The apparatus comprises digital video acquisition device, 
optical system and digital processing device that extracts 
distortion data from digital video stream. The apparatus is 
designed for registration of distortion data for large num- 



ber of similar processes that occur within field of view of 
the optical system. 

[0028] This apparatus allows registration of large number of sim- 
ilar events that occur nearly at the same time. Schema of 
this process is illustrated on Fig. 1. Information about said 
events processed through the optical system. The optical 
system enhances SNR (signal to noise ratio) for selected 
types of events. The video acquisition system registers the 
image built by the optical system. The progression of said 
image is transmitted in serial form of digital video stream 
to video capture/processing system. The processing sys- 
tem extracts event information for each individual event 
from the digital video stream. The collection of data asso- 
ciated with an individual physical location over the time 
makes a time sequence of events at said location.. Collec- 
tion of all sequences provides data for whole multiplicity 
of registered events. 

[0029] The optical system constructs an Image of controlled sys- 
tem for digital video acquisition device. Fig. 2 illustrates 
design of this system. Optical components "A" of this sys- 
tem construct an image "1" of the area "O" within its field 
of view. In some cases this system also contains filtering 
subsystem "F" that increases SNR for selected features of 



area "O". This filtering can be based on depth of optical 
field, color, polarization, spatial positions, and/or shapes. 

[0030] Fig. 3 shows the capture system that processes serial dig- 
ital video stream. This system can be designed to perform 
real-time or delayed processing of DV serial protocol and 
compare its data versus initial set of set point data for the 
system. Result of such processing is a collection of time 
sequences of distortions for all registered events. Alterna- 
tively the capture system can convert DV serial protocol 
data to sequence of frames. This processing is illustrated 
on Fig. 4. Each frame then analyzed with imaged process- 
ing software to extract the collection of sequences of the 
distortion data for all registered events. 

[0031] Said extraction of distortions data can be achieved using 
plurality of well known numerical deconvolution algo- 
rithms such as maximum entropy method, LUCY, inverse 
filter. Each element of optical image is constrained to rel- 
atively small segment of sensor surface (usually 10 pixels 
in each dimensional of the sensor). Implementation of 
said algorithms can achieve fast real-time response due 
to small window size of processing data. 

[0032] Jo better illustrate extraction of distortion data let's con- 
sider device shown on Fig. 5. Laser beam 502 splits onto 



an array 503 of NxM identical beams and said beams are 
focused on sample surface 504. Images of segments of 
sample surface exposed to laser radiation are projected 
onto surface of sensor 505. Let's consider that said sensor 
is CCD type device composed of plurality of pixels. For 
simplicity of the current illustration it is assumed that 
each image occupies single pixel of said sensor. Collec- 
tion of addresses and intensity of light captured by each 
of exposed pixels represents initial setpoint image. Let's 
consider that said sample has been altered in some way 
that affect some of said surface segments. This alteration 
causes corresponding changes in images of sample sur- 
face. It is further assumed that expected changes of said 
images are confined to areas of I xl pixels, where each 

n m 

of I and I are found from periods of said beam array. 

n m 

This assumption effectively restricts said alterations to 
small values and creates geometrical clustering of com- 
plete image projected onto said sensor. As a result of said 
clustering said image can be represented as an uncoupled 
collection of independent images each of I xl pixels on 

n m 

size. Distortion for each of said images can be found from 
its comparison with previously stored setpoint image. 
[0033] Complete characterization of said distortion depends on 



type of information essential for said process control. In 
some cases information required can be found as shift of 
position weighted average with respect to setpoint. In 
case when altered image contains only single pixel (it is 
assumed that only one pixel shows light intensity above 
noise level) said shift is found as geometrical distance be- 
tween pixel address of setpoint image and pixel address 
of current image pixel. In more generic case distortion re- 
sults from convolution of some altering function with ini- 
tial setpoint function. To find said altering function plu- 
rality of numerical deconvolution algorithms can be used. 
For sake of clarity of the present disclosure no further 
discussion of advantages and disadvantages of specific 
deconvolution techniques will be made, as it is obvious to 
one experienced in the art that those algorithms and their 
implementations are readily available through public do- 
main. 

[0034] Important aspect is that complexity of said deconvolution 
techniques and their cost become negligible when applied 
to discrete functions defined on small number of points. 

[0035] Examples of practical use for this apparatus include: 

probe arrays, where position and/or temperature of each 
probe has to be monitored; micro fluidics arrays where 



presence of liquid meniscuses, tlieir positions, sliape, 
temperature has to be monitored; micro plates with col- 
ored or fluorescent reactions are monitored at run time. 
Massively parallel metrology monitor 

[0036] This apparatus comprises monochrome light source, ID 
or 2D diffraction grating or custom beam splitter or dif- 
fuser or holographic device, optical components and the 
apparatus described in the previous embodiment. Fig. 5 
illustrates construction principle of the apparatus. Light 
source produces light with narrow bandwidth and high 
spatial coherence. Optical system 501 generally repre- 
sents collimator, although spatial filtering device such as 
holographic filter can be used to restrict radiation to spe- 
cific set of modes. 501 conditions the light to form de- 
sired beam 502. The beam splits on diffractive beam 
splitter 505 and forms angular array of beams 506. Opti- 
cal system 507 focuses these beams onto surfaces of 
controlled array 504. Apparatus described in the previous 
embodiment receives the image of reflected and/or dis- 
persed light form the surface of array 504. 

[0037] Dimensions of the beams array have high fidelity across 
the array. This allows monitoring of simultaneous events 
occurring on the target with high dimensional precision 



across whole field of view. In critical applications compo- 
nents of the apparatus including digital video camera sen- 
sor and the diffractive beam splitter can be thermally sta- 
bilized. 

[0038] One special case of implementation for said apparatus 
uses focused laser beams. Conditioning module 501 fil- 
ters single mode of laser radiation. Resulting beam 502 
cloned with beam splitter 505 that create plurality of 
nearly identical beams. Although amplitudes of created 
beams generally different they all share same mode. Ob- 
jective lenses 507 focus said beam array onto surface of 
microarray 504. It is possible in some implementation to 
use holographic filter combined with objective optics 507 
instead of collimator 501 to perform mode filtering. 

[0039] Objective optics 507 creates an array of focal points on 

surface of microarray 504. Numerical aperture of said ob- 
jective defines width and depth of said focal points. In 
some application it may be favorable to use small aperture 
objective to create deep focal zone, such application com- 
prise microarrays with control points spread on several 
planes, or arrays with relatively rough surface. Large aper- 
tures of said objective allow creation of small focal area 
that is favorable for high density microarrays. 



[0040] Fig. 6 illustrates principle of operation of method em- 
ployed in said apparatus. Column A shows focal intensity 
distribution of single mode laser beam, assuming that 
sample surface does not contain any peculiarities, re- 
flected image will create original intensity distribution on 
surface of image detector. Column B shows same segment 
of sample surface with deposits of some additional sub- 
stance. In this case peculiarities of focal plane cause in- 
terference between different portions of reflected beam. 
Instead of single mode beam reflected beam now com- 
posed of multiple modes, which results in alterations of 
detected image. Important aspect of this invention is abil- 
ity to detect even tiny peculiarities located in focal zone. 
These peculiarities can be formed by optically passive 
compounds that usually undetectable by spectroscopic 
techniques. 

[0041] Sensitivities of described method is inversely proportional 
to the area of focal maximum. Thus increase in numerical 
aperture of objective increase method sensitivity. 

[0042] Fig. 5B shows schematic view of apparatus that employs 
microoptical array of lenses as an objective. Use of mi- 
crooptics allows larger numerical apertures that increases 
method sensitivity. The same microoptical elements 509 



used for incoming and reflected liglit. semitransparent 
mirror 508 separates reflected light and direct it toward 
video sensor 505. 

[0043] Possible applications of this apparatus are described be- 
low, these however only examples and do not limits appli- 
cation of the apparatus to these cases: i)deflections moni- 
tor for probes in probe's array of scanning probe micro- 
scopes, multi probe stamps, MEMS, wherein the deflection 
data then can be used in instrument tune-up, process 
monitoring, feedback, quality control ii)quality control of 
DNA microarrays, wherein distortions of beam modes 
caused by focal zone peculiarities are validated across 
complete array of deposits. 

[0044] Disclosed method of the present invention limited to ap- 
plications when same location of surface segment of a 
sample can be located at least twice to perform valid 
comparison of changes caused by process. In order to in- 
crease method accuracy special alignment steps can be 
taken in application requiring consecutive replacements of 
said samples. Said alignment process can be manual or 
automated. In manual process position of sample can be 
manually adjusted with respect to apparatus objective to 
match previous position. Automated alignment may em- 



ploy micro-positioning stage that dynamically change rel- 
ative position of sample. 

[0045] In last case the method of invention can be extended to 
perform distortions analysis across extended surface area 
of sample. Fig. 7 show block diagram of this method. Ini- 
tial sample alignment 701 is performed to when sample 
inserted into apparatus. Sequential image acquisition 702 
and scanning 798 is performed to measure unaltered 
state of the sample, where in said stated is recorded into 
digital storage 709. Process execution 703 corresponds to 
any technological or other functional steps applied to the 
sample. Examples of such steps comprise deposition of 
DNA droplets, engagement of array of microcantilevers in 
contact with other body, etc. Parallel with said process ex- 
ecution or after its completion sample surface is scanned 
704 and sequential image acquisition 705 is performed. 
Distortions data is extracted 706 from said image using 
stored image data 709. The methods of extraction were 
described in the previous embodiment. Resulting distor- 
tion data 707 are employed in process control, quality 
monitoring, sample validation, and etc. 

[0046] Apparatus can be used to monitor dimensional distortions 
of wafer in micro fabrication process. This application is 



illustrated on Fig. 8. Individual beams of beam array are 
focused on locations of alignment marks 801 on the wafer 
surface. Small variations in relative positions 802 of those 
marks cause angular and/or amplitude distortions in re- 
flected beams that result in changes of their mode. Col- 
lection of this data can be used to compensate or correct 
these distortions. 
[0047] Apparatus can be used in detection and monitoring of mi- 
cro fluidic arrays and devices. Distortions of positions, 
sizes and dimensions of fluid meniscuses cause signifi- 
cant variations in patterns of reflected beams. 
Massively parallel radiation driver for micro scale devices 

[0048] The apparatus uses high power mono/ 

poly-chromatic/narrow-spectrum light source. Light 
passes through beam splitter and each beam passes 
through individual element on digital light processing 
module. The beams are focused on surface of controlled 
device. 

[0049] Each beam carries sufficient energy to physically actuate 
an element of the controlled device. Physical actuation 
could include conversion of laser radiation into thermal 
energy, use of photon pressure, photonoacoustical exci- 
tation of mechanical oscillations, photo-electrical conver- 



sion, and etc. Fig. 9 illustrates construction of such appa- 
ratus. Light from high power LED or laser diode passes 
through collimator and beam splitter assembly 901. It 
forms an array of beams. The size and pattern of this ar- 
ray are made to match spacing and dimensions of ele- 
ments in digital light processing module DLP composed of 
plurality of electronically controlled micromechanical mir- 
rors. DLP controls propagation of each individual beam. 
Beams passed through focal/scaling assembly 902 are fo- 
cused on elements of controlled device 903. 

[0050] Amount of energy delivered to each element is controlled 
by DLP module. This apparatus can be combined with any 
one of the previously described apparatuses. In combina- 
tion with digital video detector described in the first em- 
bodiment, the data from detector can be used to register 
actual amount of energy consumed by each element. This 
information can be used to provide feedback to DLP and/ 
or LED/LD modules. 

[0051] Fjg, 10 illustrates use of disclosed apparatus to control 
array of cantilever devices. This figure shows single ele- 
ment 1000 of said array. DLP module generates time 
modulated sequence of radiation pulses 1002 with vari- 
able width. Low width pulses 1001 cause minimal effect 



on temperature of cantilever 1003 and its deformation. 
Reflected beam 1004 is captured by detector and distri- 
bution of its intensity on sensor's surface is converted to 
degree of cantilever deformation. Increase in pulse width 
1005 causes increase in temperature of cantilever and re- 
sults in deformation 1006. Increase in deformation causes 
offset in position of reflected image on the sensor's sur- 
face. Pulse width can be adjusted to desired value using 
sensory data for feedback input. 
[0052] Frequently cantilever devices are used in scanning opera- 
tions. In this case probe mounted on cantilever engaged 
in contact with underlying surface. Contact forces alters 
during scan due to irregularities of said surface that re- 
sults in deformations of cantilever. This deformations can 
be registered by described video sensor and used to ad- 
Just cantilever deformation appropriately. Said adjustment 
can be performed using knowledge of calibration curve 
that shows deformation of cantilever as a function of 
pulse width. Said calibration is performed in position 
when probe withdrawn from contact with underlying sam- 
ple. When in contact deviation of cantilever deformations 
from said calibration curve are considered as caused by 
force of interaction of said probe with said underlying 



sample. 

[0053] Described method allows implementation of constant 
force mode of scanning process. Term constant force is 
well known to one experienced in art of scanning probe 
microscopy. 

[0054] Fig. 11 shows yet another example of use of described 

apparatus. Shown design uses optical system that focuses 
three beams on each cantilever device 1000. Beam 1002 
monitors deflection of said cantilever as it was described 
above. Beams 1101 and 1102 are focused on body of said 
device 1000. Beam 1101 modulated with frequency co^ 
and beam 1102 modulated with frequency oo^ said modu- 
lation can be also implemented as modulation of pulse 
width. Absorption of said pulses produces photonoacous- 
tic effect that generates acoustical waves in said body. 
One of frequencies co^ or oo^ is adjusted to achieve reso- 
nance of mechanical oscillations of said cantilever. Reso- 
nance frequency can be found and sum or difference of oo^ 
and uj^. Interestingly this method uses only one sensory 
beam 1004. Although frequency of resonance oscillations 
(jo^ can be several megahertz there is no need to acquire 
video sensor data at that high rate. Acquisition at moder- 
ate rate causes image of reflected beam 1004 to spread 



across several pixels at the same time. Length of said im- 
age is proportional to amplitude of oscillations. When 
probe 1103 experience interaction with underlying sample 
said image shifts that corresponds to averaged deforma- 
tion of cantilever across multiple periods. 
[0055] Sensory data of amplitude of oscillation and or averaged 

deformation can be employed as feedback input. 
Massively parallel driver with two channel parallel detector 

[0056] The apparatus consists of the radiation driver described in 
the previous embodiment and metrology monitor, which 
described early. Additionally several digital video detec- 
tors may be used to register selected types of events. 

[0057] Fig. 12 shows an example application of this apparatus. It 
shows area of only single element of a controlled device. 
High power light beam is focused into area 1201. Element 
1202 adsorbs parts of this energy and disperse the rest of 
it. Temperature of the element 1202 changes as a result 
of the adsorption. Changes in temperature are registered 
using digital video detector system described early, 
wherein said video detector operated in infrared. This sys- 
tem has focus on area 1203. The metrology monitor sys- 
tem focuses its beam into area 1204. Positional distor- 
tions that occur in element 1202 are registered by video 



detector system through monitoring area 1205. 
[0058] It is possible in some applications to use high power 

beams in both driver and metrology applications. As well 
thermal measurements and dimensional distortions both 
can be acquired through the same digital video system. 



